In the paper, for the Kerr field, we prove that Chandrasekhar's Dirac Hamiltonian and the self-adjoint Hamiltonian H  with a flat scalar product of the wave functions are physically equivalent.
Introduction
Chandrasekhar in [1] separated angular and radial variables of Dirac's equation in the Kerr gravitational field [2] . Page in [3] extended Chandrasekhar's approach to Dirac's equation in the Kerr-Newman field [4] . In both cases, they used metrics in the Boyer-Lindquist coordinates [5] .
Chandrasekhar's and Page's stationary four-component Hamiltonians are pseudo-Hermitian [6] - [8] , [11] or, in other words, Hermitian with Parker's weight operator [9] in scalar products of the wave functions.
In [10] - [12] , we developed a method for deriving self-adjoint Dirac Hamiltonians with a flat scalar product of the wave functions within the framework of pseudo-Hermitian quantum mechanics [6] - [8] for arbitrary, including time dependent, gravitational fields 2 . In particular, in [12] , we obtained a self-adjoint Hamiltonian in the Kerr gravitational field. This Hamiltonian can be easily extended to Kerr-Newman geometry.
In the present paper, we prove that Chandrasekhar's Hamiltonian is equivalent to the corresponding self-adjoint Hamiltonian in the  representation. For Kerr geometry, an explicit form of operators of transformation to the  representation is defined. We declared the above equivalence in [13] without proof because of cumbersome mathematical espressions.
In this paper also for the domains of the wave functions of Dirac's equation in the Kerr field, bounded by two-dimensional surfaces of revolution around the z axis, we prove the fulfillment of the Hermiticity condition for Chandrasekhar's Hamiltonian and the Hamiltonian in the  representation. Such surfaces include, in particular, the surfaces of the outer and the inner ergospheres of the Kerr field. 
Kerr metric in the Boyer-Lindquist coordinates
In ( In accordance with the Hilbert causality condition   00 0 g  , the metric (6) implies that following inequality holds:
In the   , r  coordinates, the equality of (7) to zero determines the outer and the inner surfaces of the ergospheres of the Kerr field.
The contravariant tensor g  has the following form:
Hamiltonians of spin-half particles in the Kerr field
In [12] , for the metric (6) 
If in (9) we restrict ourselves to linear terms with respect to a , we will obtain a self-adjoint
Hamiltonian for a weak Kerr field 
In (10),
With 0 a  , the Hamiltonians (9), (10) coincide with the self-adjoint Hamiltonian for the Schwarzschild field [12] .
As distinct from centrally symmetric Schwarzschild, Reissner-Nordström and other gravitational fields, the axially symmetric Kerr field does not allow us to use spin-half spherical harmonics for separating angular variables in Dirac's equation.
Сhandrasekhar in his paper [1] separated variables in the Dirac Hamiltonian with the metric (6) using the Penrose-Newman two-component spinor formalism [14] and the tetrad of Kinnersley [15] .
Following [16] , [17] Dirac's equation and Сhadrasekhar's Hamiltonian can be written in the bispinor form:
In (11), 0 1, 2, 3, , k k    are bispinor connectivities calculated in a standard way.
The remaining quantities have the following form:
In (11),
In (13) 
The inverse metric tensor (8) is expressed in terms of the components of (15) as follows: (11) is physically equivalent to the self-adjoint Hamiltonian (9) , because they are related by a similarity transformation.
For the wave functions of Dirac's equation with Сhandrasekhar's Hamiltonian (11), the scalar product contains Parker's weight operator [9] , [10] - [12] .
where, for the Kerr metric in the Boyer-Lindquist coordinates,
If the self-adjoint Hamiltonian (9) 
In (19) 1 1 , .
It follows from (19) that both Hamiltonians have the same energy spectrum.
Physical equivalence of Chandrasekhar's Hamiltonian (11) and the self-adjoint Hamiltonian (9)
We prove the equivalence in the following way.
First, we derive Parker's weight operator from the form of the matrices (13), (14) with the Kinnersley tetrad components (15) and define the transformation operator  by means of (18).
We will show that the matrices 0 2 ,     coincide with the matrices 0 2 ,     calculated in [12] by means of tetrads in the Schwinger gauge. For 1 3 ,     to coincide with 1 3 ,     , an additional unitary transformation is required, which commutes with the matrices 0 2 ,   and is related to a spatial turn around the  axis.
We denote a part of the Hamiltonian (19) without bispinor connectivities    as 0 0 00 00
The expression (21) is sufficient for us to arrive at the form of the sought self-adjoint Hamiltonian (9) using the formula proven in [12] for the metrics of the form (6) As a result, we prove that the two Hamiltonians under consideration are physically equivalent.
Below we consider three cases: the general case of a Kerr field, a weak Kerr field accounting for the terms not higher than linear with respect to the angular momentum parameter a , and the Schwarzschild case with 0 a  .
The matrices (13) with the components of the Kinnersley tetrad (15) have the following form:
In (23) 
In (24) .
Parker's weight operator is
where , 
The expressions for , 
Consequently, the following equalities are fulfilled
In terms of 4x4 matrix p  these relations are equivalent the following ones .
The operators , , , 
The normalization coefficients 1 2 , N N in (46) -(49) are determined from the condition (36):
The phase factors in 1 2 , N N are chosen subject to correct limit transition to the operator  for the Schwarzschild field with angular momentum parameter [12] using tetrads in the Schwinger gauge. The matrices (59), (61) differ from the similar matrices in [12] in the spatial turn around the  axis. The coincidence of the matrices can be provided by applying an additional unitary transformation 3 
The equalities (67) -(70) together with the expressions (21), (22) prove that
Chandrasekhar's Hamiltonian (11) and the self-adjoint Hamiltonian are physically equivalent.
Hermiticity of Dirac Hamiltonians in the Kerr field
The 
